To present the essential elements of an infection control/exposure control plan in the oral healthcare setting with emphasis on HIV infection.
Introduction
The Centers for Disease Control and Prevention (CDC) estimate over one million persons are infected with HIV in the United States. Since HIV infection is now being successfully managed as a chronic disease, an increasing number of these patients are seeking dental care. Exposure prevention remains the primary strategy for reducing occupational exposure to HIV. However, percutaneous and mucosal exposure to HIVinfected blood can and does occur in oral healthcare facilities. This article presents a hierarchy of preventive strategies to reduce the risk of occupational exposure and a discussion of the management of oral healthcare personnel potentially exposed to HIV.
Etiology and Epidemiology
Initially described over 25 years ago 1 , the acquired immunodeficiency syndrome (AIDS) represents the predominant clinical manifestation of advanced infection with the human immunodeficiency virus (HIV). 2 While individual variations exist, a common pattern of disease progression has been established consisting of three phases: (1) primary infection, (2) prolonged (median=10 years) period of clinical latency, and (3) the appearance of clinically apparent disease. 3 The immunopathologic mechanisms have only partially been identified, but the available scientific evidence clearly reveals a dynamic process in which the initial and ongoing immunological response to HIV infection is not only unsuccessful in clearing the HIV but is paradoxically paralleled by a progressive reduction in immunocompetence. 4 The end-point of this progressive reduction in immunocompetence is AIDS which is defined as the presence of one or more of the indicator conditions in association with HIV infection. [5] [6] The prime modes of transmission for HIV 7 include: 1. Unprotected penetrative sex between men 2. Unprotected heterosexual intercourse 3. Injection drug use 4. Unsafe injections and blood transfusions 5. Mother to child spread during pregnancy, delivery, or breast feeding For healthcare workers, the risk of HIV transmission in an occupational setting appears to be remote. 8 As of December 2002, the Centers for Disease Control and Prevention (CDC) reported 24,844 patients with AIDS had a history of employment in healthcare, and occupational exposure to HIV was confirmed or possible in only 57 and 139 of the cases, respectively. For the 57 confirmed occupationally acquired cases, 88% were associated with a percutaneous injury. 9 To put these numbers in perspective, it is estimated 17 to 57 healthcare workers per million die annually from occupationally acquired infectious disease (hepatitis B, hepatitis C, HIV, or tuberculosis). 10 For comparative purposes, the annual death rates among construction workers is 1,081 to 1,452 per million, among military personnel 361 per million, and among truck drivers it is 157 to 208 per million.
Estimates of HIV infection and AIDS are usually obtained utilizing both population-based and sentinel surveillance data. 11 12 Regionally, 77% of all persons infected with HIV live in Sub-Sahara Africa. In the United States, the CDC estimates over one million persons are infected with HIV. 13 Since the pandemic began, an estimated 25 million individuals have succumbed to AIDS with an estimated 2.8 to 3.6 million of those deaths occurring in 2005. 12 
Clinical Manifestations
The clinical manifestations of HIV infection/ AIDS have been extensively reviewed. During the primary phase of HIV infection, 50% to 80% of patients experience an acute retroviral syndrome.
14 This syndrome manifests numerous non-specific signs and symptoms such as fever, lethargy, malaise, sore throat, arthralgias, myalgias, headache, photophobia, maculopapular rash, and lymphadenopathy. 4 During the period of clinical latency, the patient is typically free of overt clinical illness. Progression to the final phase of overt clinical disease (AIDS) is characterized by the occurrence of one or more defined indicator diseases (Table 1) .
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Diagnosis
The diagnosis of HIV infection is obtained via appropriate laboratory testing. 15 In the standard HIV-antibody test algorithm, a plasma or serum sample is subjected to an enzyme-immuno assay (EIA). If the result is positive, a second EIA is performed; and if that result is positive, a confirmatory Western blot analysis is performed. This algorithm is highly sensitive and specific Table 1 . Indicator diseases of AIDS. 5 with reported false positive rates ranging from 1 in 130,000 to 1 in 251,000. 16 However, cases of recent HIV infection may be missed, as it takes several weeks, and at times months, for a measurable antibody response to develop. As a consequence, several other testing methods targeting HIV antibody and HIV antigen identification have been developed and approved by the Food and Drug Administration (FDA). 17 Many purport to be more convenient, less invasive, and provide a quicker result than the standard testing scheme. In a recently published report, the investigators demonstrated adding nucleic acid amplification to the standard HIV testing algorithm significantly increased the identification of HIV positive patients in the acute phase of infection. 18 Determining who should be tested for HIV infection represents an area of ongoing debate. 19 There is no argument patients at high risk for exposure to HIV (i.e., injection drug users, men having sex with men, sexually active men, and women with multiple partners) or those presenting with signs and symptoms suggestive of HIV infection should be tested. 16, 20 However, in a recent study evaluating the cost effectiveness of providing HIV screening for populations with a 1% or greater prevalence of undiagnosed HIV infection, the authors concluded routine, voluntary screening once every three to five years was justified. 21 They noted when screening those at highest risk, the mean CD4 cell count at detection was raised from 154 to 210 per cubic millimeter which equated to an earlier diagnosis and an opportunity to institute earlier therapeutic interventions. 21 
Principles of Medical Management
With minor variations, the HIV has the same general life cycle as other viruses. Infection begins when a virion attaches to a host cell. Viral proteins (capsid-or envelop-related) mediate attachment by binding specific receptors on host cell membrane. Viral entry into the host cell is mediated by other viral proteins which promote the fusion of the viral capsid or envelop with host cell membrane. Once the virus has gained entry into the host cell, it looses its capsid proteins by the process known as uncoating and the viral nucleic acid now becomes available for genome replication. Replication requires the generation of protein kinase-dependent nucleoside triphosphates (ribo-or deoxyribo-) which are incorporated into the new viral genome by viral or cellular polymerases. In most instances the viral DNA or RNA is replicated and then transcribed into mRNA. For retroviruses, such as the HIV, uncoating is followed by reverse transcription, the viral RNA is first copied into DNA before it is transcribed into mRNA. Next, the newly synthesized mRNA is translocated to host cell ribosomes. The viral proteins synthesized by host cell ribosomes are then assembled with the duplicate viral genome. Assembly is followed by maturation which involves cleavage of viral proteins by proteases essential for the newly formed virion to become infectious. In the case of HIV, viral egress from the cell precedes maturation and may be either by budding through the cell membrane or cell lysis.
Mechanisms of Action of Anti-HIV Drugs
Currently available anti-HIV drugs exploit structural and functional differences between viral and human proteins. These include (1) a fusion inhibitor; (2) inhibitors of viral genome replication (nucleoside reverse transcriptase inhibitors [NRTIs], a nucleotide reverse transcriptase inhibitor [NtRTI], and non-nucleoside reverse transcriptase inhibitors [NNRTIs]); and (3) protease inhibitors (PIs). 22 The treatment of HIV infection requires combination therapy known as highly active antiretroviral therapy (HAART). Anti-HIV regimens currently recommended for the treatment of naïve patients may be NNRTIbased (1 NNRTI + 2 NRTIs); PI-based (1 or 2 PIs + 2 NRTIs); or triple NRTI-based (3 NRTIs). The treatment of patients with acute HIV infection, HIV-infected adolescents, injection drug users, HIV-infected women of reproductive age and pregnant women, and patients with co-infections (HBV, HCV, and tuberculosis) require special antiretroviral regimens.
Inhibitors of Viral Fusion
Enfuvirtide
Enfuvirtide is the first antiviral agent that inhibits viral entry into host cells. It is an anti-HIV peptide structurally similar to a segment of the HIV protein (gp41) that mediates membrane fusion.
Inhibitors of Viral Genome Replication
NRTI
All retroviruses contain an RNA genome and their capsids contain the enzyme reverse transcriptase essential for HIV replication. Reverse transcriptase is a DNA polymerase, which copies the RNA retrovirus genome into double-stranded DNA. Once the viral DNA is integrated, cellular RNA polymerase copies it into a genomic RNA and a mRNA that encodes the various viral proteins. NRTIs mimic deoxyribonucleoside triphosphate, the natural substrate for reverse transcriptase. As they become incorporated into the growing DNA chain, they terminate elongation and decrease or prevent HIV replication in infected cells. NRTIs include abacavir, didanosine, entricitabine, lamivudine, stavudine, zalcitabine, and zidovudine.
NtRTI
Nucleotides are phophorylated nucleosides. Nucleoside and nucleotide RTIs have similar mechanisms of action. The only currently available NtRTI is tenofovir.
NNRTIs
NNRTIs bind near the catalytic site of reverse transcriptase and inhibit a crucial step in the transcription of the RNA genome into a double-stranded retroviral DNA. NNRTIs include delavirdine, efavirenz, and nevirapine. Combinations of NRTIs and NNRTIs tend to be at least additive in reducing HIV replication.
Protease Inhibitors
Following duplication of the viral genome and structural protein synthesis, viruses must undergo assembly and maturation. Viruses, such as the HIV, encode proteases. Proteases cleave viral proteins during assembly and maturation, a process essential for the newly formed virus to become infectious. Protease inhibitors (PIs) include amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir, nelfinavir, ritonavir, saquinavir, and tipranavir. The use of PIs with other antiretroviral drugs has lead to marked clinical improvement and prolonged survival of patients with advanced HIV infection.
Prevalence of Oral Disease
Numerous oral lesions have been associated with HIV infection (Table 2) with the most notable being candidiasis (erythematous, pseudomembranous), hairy leukoplakia, Kaposi's sarcoma, Non-Hodgkin's lymphoma, and periodontal disease (linear gingival erythema, necrotizing ulcerative periodontitis). 23 Hairy leukoplakia and oral candidiasis have been demonstrated to be positive predictors of HIV Table 2 . Oral lesions associated with HIV infection. 23 disease progression. [24] [25] However, while it is generally agreed HIV-associated oral lesions are useful markers of HIV disease, their true prevalence is unknown. [26] [27] [28] Improved pharmacological strategies, specifically highly active antiretroviral therapy (HAART), appear to modulate the prevalence of HIVassociated oral lesions. HAART also dramatically improves laboratory profiles (increased CD4 counts, decreased viral load). In a study of 577 HIV infected adults, HAART therapy was associated with a decreased prevalence of hairy leukoplakia and necrotizing periodontal disease and an increased prevalence of salivary gland disease. 29 In the same study the effect of HAART on the prevalence of oral candidiasis, aphthous ulcers, oral warts, herpes simplex virus lesions, and Kaposi's sarcoma was not significant. In a study of 459 HIV-positive children in Brazil, the prevalence of hairy leukoplakia was significantly lower for those undergoing HAART compared to other antiviral regimens. 30 It has been postulated the seemingly paradoxical persistence and at times worsening of HIV-associated lesions is due to the phenomena of immune reconstitution disease.
31-34
Principles of Dental Management
Since HIV infection is now successfully being managed as a chronic disease, patients are living longer and are healthier. As a consequence, an increasing number of these patients are likely to seek dental care. Oral healthcare providers have both a moral and legal obligation to treat HIV-infected patients within the scope of their practice. [35] [36] For patients with a known HIV infection, the practitioner must obtain a thorough medical history including a meticulous review of systems, determination of current disease status (i.e., CD4 counts, viral load), and a listing of all medications. Medically well-controlled patients can generally tolerate the delivery of routine dental care. [36] [37] Circumstances that may necessitate a modification to the delivery of routine dental care are typically observed in advanced stages of disease (i.e., AIDS) and include low CD4 counts (<200/mL), reduced platelet levels (<60,000/mm 3 ), and severe neutropenia (<500/mm 3 ). 36, 38 In addition, preventive strategies to optimize oral hygiene, establish a regular recall schedule, screen for HIV-associated oral lesions, and druginduced side-effects should be instituted. 36 Routine monitoring for HIV-associated oral lesions in all patients serves two important purposes. In known HIV-infected patients the occurrence of HIVassociated oral lesions may signal a less than optimal response to treatment, usually due to poor patient compliance and/or the development of antiretroviral drug-resistance. 39 In undiagnosed HIV infected patients the presence of such lesions may represent the first clinical manifestation of infection.
Issues Related to Infection Control/Exposure Control The Risk of HIV Transmission from Patients to Healthcare Personnel
The transmission of HIV infection from patients to healthcare personnel (HCP), all paid and unpaid persons working in the healthcare setting who may potentially be exposed to blood and other potentially infectious materials (OPIM), may occur after percutaneous (cut with a sharp instrument or needle stick) and, infrequently, mucocutaneous exposure to blood and other body fluids containing blood. A retrospective casecontrol study found the risk of infection among HCP following percutaneous exposure to HIVinfected blood was more likely (1) in the presence of visible blood on the instrument before injury, (2) if the injury involved a needle which was placed directly into the patient's vein or artery, (3) if the injury caused by the contaminated instrument or needle was deep, or (4) if the source patient has an increased viral load, i.e., was terminally ill. [40] [41] Prospective studies of HCP estimate the average risk for HIV infection after percutaneous and mucous membrane (eyes, nose, mouth) exposure to HIV-infected blood is approximately 0.3% and 0.09%, respectively. [42] [43] The transmission of HIV infection after nonintact skin exposure has been documented. 44 The average risk of transmission by this route has not been quantified, but it is estimated to be less than the risk following mucous membrane exposure. 45 Similarly, the risk of transmission after exposure to fluids or tissues other than HIV-infected blood is probably considerably lower than the risk following exposure to blood. 42, 46 As of 2002, occupational exposure to HIV was confirmed in 57 HCP, and of these none were oral healthcare personnel (OHCP). 9 Clearly, the risk of HIV transmission in the oral healthcare setting is extremely low in the United States.
Exposure Prevention in the Oral Healthcare Setting
Exposure prevention remains the primary strategy for reducing occupational exposure to HIV. Historically, infection control guidelines focused primarily on the risk of transmission of bloodborne pathogens among HCP and patients and the use of universal precautions to reduce the risk.
Universal precautions were based on the concept blood and body fluids contaminated with blood should be treated as infectious because patients with bloodborne infections can be asymptomatic and unaware they are infectious. The CDC expanded the concept of universal precautions into the concept of standard precautions. Table 3 presents a hierarchy of preventive strategies to prevent or reduce the risk of occupational exposure to blood and OPIM within the concept of standard precautions. 47 
Management of Oral Care Healthcare Personnel (OHCP) Potentially Exposed to HIV
Oral healthcare facilities should have, as part of their infection control/exposure control protocol, the organizational infrastructure that promotes a seamless response following occupational exposure. It should include clear written procedures for prompt reporting, evaluation, treatment, and follow-up. 48 Access to clinicians who are familiar with post-exposure evaluation and treatment protocols, by creating linkage to another healthcare facility or physician, should be made available during all working hours (including nights and weekends). OHCP should be familiar with the principles of post-exposure management, in particular with the importance of reporting exposures immediately after they occur, because post-exposure prophylaxis (HIV PEP) is most likely to be effective if administered as soon after exposure as possible (ideally within two hours).
Treatment of the Exposure Site
The injured area contaminated with blood or OPIM should immediately be washed with soap and water. Exposed mucous membranes should be flushed with water. While the use of an antiseptic is not contraindicated, using an antiseptic for wound care or squeezing the wound to express fluid has not been shown to reduce the risk of infection. The application of caustic agents or the injection of antiseptics into the wound is not recommended. 49 
Exposure Report
The recording and reporting of occupational injuries and exposures should be in accordance with all federal and state requirements. When an occupational exposure occurs, the circumstances of the incident should be recorded on a form appropriate for the oral healthcare setting ( Table 4) . 49 Data about susceptibility, i.e., hepatitis B vaccine and vaccine response status, and HBV, HCV, and HIV immune status, may be available from the exposed person's confidential medical record and should be included in the report. Similarly, information about the source person may be available from the medical (dental) records. All of the data collected is to be carried by the exposed OHCP to the healthcare facility or physician providing the post-exposure evaluation, treatment, and follow-up.
Clinical Evaluation of the Source Person
If the HIV infectious status of the source person is unknown, he/she should be informed of the incident and tested for serologic evidence of infection. 49 If the exposure source is unknown, the likelihood of exposure to a source at high risk for infection is based on a determination of the likelihood of bloodborne pathogen infection among Table 4 . Recommendations for the content of the occupational exposure report. patients in the exposure setting. 49 The collection and release of HIV status information on a source person should follow all local and state laws.
Clinical Evaluation and Baseline Testing of Exposed OHCP
The consultant (the healthcare facility or physician) responsible for the post-exposure management of OHCP should determine (1) the potential for the transmission of HIV based on the type of body substance involved and the route and severity of the exposure, (2) the infectious status of the source, and (3) the susceptibility of the exposed person. OHCP potentially exposed to HIV should be evaluated within two hours after their exposure and should be tested for HIV to establish their infection status at the time of exposure. 40 If the source person is seronegative for HIV, baseline testing and further follow-up of the exposed person normally is not necessary. The likelihood of the source person being in the "window period" of HIV infection in the absence of symptoms of acute retroviral syndrome is extremely remote. 9 Post-exposure Prophylaxis (PEP) PEP is an important element of risk-management following occupational exposure to HIV. Recommendations for PEP apply to situations in which HCP have been exposed to a source person who has or is likely to have HIV infection. If PEP is initiated and the source person is later determined to be HIV-negative, PEP should be discontinued.
Timing and Duration of HIV PEP
PEP is to be initiated as soon as possible, preferably within two hours of exposure, and should be administered for four weeks (if tolerated). 41 This recommendation is based on evidence that following primary exposure systemic infection does not occur immediately, leaving a brief window of opportunity during which PEP might limit the proliferation of HIV in initial target cells or lymph nodes. 40 In a retrospective case-control study of HCP, PEP with zidovudine reduced the risk of HIV infection by approximately 81%. 40 However, failure of PEP to prevent HIV infection following occupational exposure has also been reported. [50] [51] Failures appear to be related to higher titer and/or large inoculum exposures, delayed initiation and/or short duration of PEP, antiretroviral drug resistance, and the lack of adequate host cellular immune responsiveness.
Recommended Drug Regimens for HIV PEP
The recommended drug regimens for HIV PEP balance the risk of infection against the potential toxicities of antiretroviral drugs (Tables 5 and  6 ). 41 The U.S. Public Health Service recommends stratification of HIV PEP regimens based on (1) the potential for the transmission of HIV based on the type of body substance involved and the route and severity of the exposure, (2) the infectious status of the source, (3) the presence of antiretroviral drug resistance in the source, and (4) the susceptibility of the exposed person. The majority of HIV exposures are treated with a two-drug regimen, using either two NRTIs or one NRTI and one NtRTI. The usual combinations are zidovudine and lamivudine or emtricitabine; stavudine and lamivudine or emtricitabine; and tenofovir and lamivudine or emtricitabine. The addition of a third or fourth drug is recommended for high-risk exposures or when antiretroviral drug resistance is likely. The U.S. Public Health Service recommends expanded PEP be PIbased. The preferred PI is lopinavir/ritonavir. When viral resistance to PIs in the source person is known or suspected, a NNRTI is added to the PEP regimen. The use of efavirenz in women of childbearing age is cautioned because of the risk of teratogenicity.
Follow-up of OHCP Exposed to HIV OHCP with occupational exposure to HIV should receive (1) counseling and education, (2) monitoring for PEP toxicity, and (3) post-exposure testing regardless of whether they received PEP. 41 
Counseling and Education
The emotional impact of a needlestick injury or exposure to OPIM can be substantial. Consequently, access to a counselor knowledgeable about occupational HIV transmission is a cardinal element of postexposure management. Exposed OHCP should be advised to seek medical evaluation for any acute illness during the follow-up period. Signs and symptoms such as fever, rash, myalgia, fatigue, malaise, or lymphadenopathy might be indicative of acute HIV infection. Similarly, they should be advised to avoid donating blood or tissue, breastfeeding, Table 6 . Recommended PEP for mucous membrane and non-intact skin exposures. 41 pregnancy, and practice sexual abstinence or condom use to prevent secondary transmission, especially during the first six to 12 weeks after exposure. Those who take PEP should be advised of the importance of completing the prescribed regimen. Information should be provided about (1) possible drug toxicities (common with all antiretroviral agents), (2) drugdrug interactions (most common with NNRTIs and PIs), (3) measures to be taken to minimize side effects, and (4) methods for clinical monitoring of toxicity.
Monitoring Patients for PEP Toxicity
If PEP is used, OHCP should have a complete blood count and renal and liver function tests done at baseline and again two weeks after starting PEP. In selected cases other tests may be required. OHCP who experience nausea, diarrhea, rash, fever, back and abdominal pain, increased thirst, or frequent urination should seek immediate medical attention.
Post-exposure Testing
After baseline testing at the time of exposure, follow-up testing should be performed at six weeks, 12 weeks, and six months to monitor for HIV seroconversion. Extended follow-up (for up to 12 months) is recommended after exposure to a source co-infected with HIV and HCV.
Work Restrictions of HIV-positive OHCP
The risk of HIV transmission in the oral healthcare setting from patients to OHCP is extremely low. Similarly, the risk of HIV transmission from OHCP to patients is also remote. The transmission of HIV by a single OHCP with AIDS has been reported, but the mode of transmission was never confirmed. [52] [53] As of September 30, 1993, CDC has data on >22,000 patients of 63 HIV-infected HCP, including 34 OHCP. [53] [54] In this cohort not a single case of HIV transmission from HIV-infected HCPs to patients has been documented.
The patient-care responsibilities of OHCP do not need to be modified based solely on a history of exposure to HIV. For OHCP to pose a risk of HIV transmission to a patient, they must (1) be viremic (i.e., have the HIV virus circulating in the blood stream); (2) have a condition (i.e., weeping skin lesions or other injuries) that allows direct exposure to their blood or other infectious body fluids; and (3) allow their blood or other infectious body fluids to gain direct access to a patient's wound, traumatized tissues, mucous membranes, or similar portals of entry. 47 Clearly, even in the presence of viremia transmission cannot occur unless the second and third conditions are also met.
There are no data to indicate HIV-infected OHCP who do not perform invasive procedures pose a risk to patients. Consequently, work restrictions for these OHCP are not appropriate. However, HIV-infected HCP performing certain invasive procedures pose a risk to patients and restrictions should be imposed on these until counsel from an expert review panel has been sought according to published local and state public health regulations and recommendations for infected HCP. 55 In general, the expert panel will recommend procedures HIV-infected OHCP can perform, taking into account specific procedures as well as the skill and technique of each OHCP.
Conclusion
The risk of HIV transmission in the oral healthcare setting is extremely low. However, the emotional impact of a needlestick injury can be substantial. Consequently, OHCP must be knowledgeable about the potential risks of occupational exposure and the importance of post-exposure management strategies for those potentially exposed to HIV. Clear, written procedures related to prompt reporting, evaluation, treatment, and follow-up should promote a seamless response to an incident of occupational exposure.
